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1.0 INTRODUCTION

-

Thits report describes the performance testing dnd evaluation of five different commerciolly

available fuel vapor detectors. All five-instrumants were stjécfed to temperature,. humidity,
shock, and vibration tests which simulated exireme working environments when installed in -
o small recreational boat. At the conclusion of each test a.performance check was run-to
assess the effects of the test on the detector. FEach detector was also inspected for any physical

damage which would have an adverse effect upon its-performance.

The performance check on each detector réquired exposure of the detector fo known fuel
vapor concentrations and noting the response of the detector. A test chcmber was designed
and built to prévide measurabie vapor-concentrations with an-operationally-defined Lower
‘Explosive Limit (LEL). The test chamber apd associated equipment are described and their

use discussed in more detail in Section 2.0,

Prior to subjecting the- detectors to the test environments a performance test was given each
instr. ment so that the performance changes throughout £ 1e program could-be determined. In
addition, vapor saturation tésts were:run to gain an-idea of the recovery ¢haracteristics of

the detectors, These tests and results are described'in Section 3.0.

The response of the detectors after undergoing temperatures: of -30°F and 0°F are given in
Section' 4.1 and the responses-after being subjected to 150°F are described in Section 4.2.
The humidity-testing ot 100°F and 95% relctive humidity is described in Section 5.0, the

shock testing in Section 6.0 and the vibraticn testing in Section 7.0,

In general, the vapor detecters on the market must be éonstrued to be less than adequate in
_extreme recrsational boat environments. Of the five units tested only one could be deemed
acceptable. The environment causing most damage was the vibration environnient. However,
no claim ¢gn be made that the environment is representative for any other than relatively
small boats (up to about 18 feet) since no data iz available. It can be stated that the

environment used is quite severe at levels above the lowest used in vibration,

it = s e A e e ki s niebly B S 2 i er ins T oot
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2.,0. VAPOR DETECTORS AND VAPOR TEST CHAMBER
2.1 Vapor Detectors

From an initial market survey ', a total of five different vapor detéctors were chosen as being
representative examples of the cgmme;’cially availabie models with respect to type of sensor
and type of alarm. The specific detectors used are shown in Figures 1 through 5 with their

relevant-characteristics listed in Table 1.

[l

Each vapor detector was:given a-test specimen number for edse in referencing.and to eliminate
‘manufacturer name in analyzing, the test results.. Each-detector wiiibe referred to only by

its assigned specimen number.,

2.2 Test Chamber and Calibration

A 2' x 2' x 2' vapor test chamber shown in the photograph in Figc'-'e:6 was constructed to 3

provide the necessary vapor concentrations for the opératiorial tests, The front panel was
made from 1/4" thick plexiglass-and contained a door for easy access into the chamber. 3
The other three sides, were constructed of § mil thick polyvinyl ethelene and:supported by o
steel rod frame. The floor of the ¢hamber was plywood while the top was a loosely fitted lid 3
made; of styrofoam and covered inside and outside with duck tape. The lid acted as a safety

valve whenever an explosion took placé as dascribed below.

g The fuel vapor was introduced. into the chambe: by the simple expedient of heating a measured i

amouni of gasoline in a small steel dish ard allowing it to vaporize. Heat was supplied by a

hot plate. A small fan circulated the vapor throughout the chamber., The gasoline used was

T et oat L,

from a single drum, A.sample was onalyzed by Phoenix Chemical Laboratory, Inc., and was

DN

determined to have a vapor density of 2,44 grams/liter at 1009F and an average molecular

e et by
Ry

weight of 103.

e b e AT L€

LR

The vapor concentration in the test chamber was measured by a Beckman Model 400 Hydro-
carbon Analr7er. The analyzerused 39.5, 39.6 and 39,7% hydrogen as fuel (the balance

was helium). A bottled air supply was used containing less than 0,2 molar ppm impurities.

L e K e e SR R AT v

All concentrations were determined.by Air Products and Chemicals, Inc. All tubing used in
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Figure 1. Fuel Vapor Detector Sample No. 1



Figure 2. Fuel Vapor Detector Sample No. 2

e



Figure 3. Fuel Vapor Detector Sample No. 3



Figure 4. Fuel Vapor Detector Sample No. 4
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Figure 5. Fuel Vapor Detector Sample No. 5
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connection with the Beckman Analyzer was copper refrigération tubing. The response time.

of the. analyzer was.found fo be approximately 20 seconds which was the time necessaryfor

the sampled-gos to be pﬁ”ed into-tﬁe flame unit.

: '
A spork circuit was provided to operationally-define the LEL inside the chomber. The
Beckmar: Analyzer could'then be calibrated by setting any point on the linear scale to .

comespond-to the LEL. The spark gap-was placed in close proxin*ty to the somple tube end
inside the chambe:so that the vapor levels at the spark gap and the sample tube would

der anttok Fpinw g

ERN

correspond closely. Figure 7 shows a schumatic.of the.test chamber and supporting. equipment.

3.0 INITIAL OPERATION AND SATURA—T!QN TESTS

\ , ,
P N Y T
i pi

3.1 Initial Operation Tests

Before subjugation. to any testing, the-operating characteristics. of each-detector was.determined iy
by installing the sensor head into the test chamber, vaporizing 30.mi of gasoline, and noting
the detector resporise to vapor concentration in % LEL as given by the Beckman Analyzer., ;
Readings were taken both as.the vapor concentration increased and then as-it decreased-after ;
the vaporization of the gasoline was completed. Tables 11, 1II, IV, V, and VI give the :

results for these operating:tests., 7 o
3.2 Vapor Saturation.of Detectors

The purpose of this test was fo determine tlie operating response and recovery. time for each
detector. Thirty (30).ml of gasoline were put into a steel beaker and the beaker was then I
piaced upon the hei plate to vaporize the gasoline. The sensor of each.detector and the
sampling tube of the Backman Analyzer-were then lowered into the vaper "or 30 seconds.
The-highest readings-of both the Beckman Analyzer and the detector were noted and also i
the time needéd by the detector to reach its highest reading after immersion in the vapor.

After the 30 second immersion the detector sensor was removed from the vicinity of the vapor

and the time required for the detector to return to a "safe" reading was recorded. The

POV G T S v
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IR TABLE I, RESPONSE OF VD=1TO VAPOR CONCENTRATION
F-l ;C - . e
o —_— — — —_—
, % LEL y _ ‘
& | romge | Detector Remomse _ , {l
Ff ; X ‘ N
B gt 0— 254 ‘Green '"sofe" light on, Alarm sileni, . \
, o e e : e - —
E Ny € §{ -25—100 | Amber "danger” light.or, Alarmon
v > \ ‘ ’
100~ 50 | Amber "darger” light on, Alaim on ‘
l oo , = — : R —— s
'g é: 50- 40} Dim g‘reen "safe” light, dim~amber "danger” Iight, Alarm'-oﬁ
A e
.o al40- 230} Dim green ‘safe" light, dim amber " nger“ lg t Alarm st enf
[ ,§§A4o 30 Dii green "safe” light, di mb'da !hAl il
3 . . > - - — - B 1
30— 0 Green "safe" lnghf on, Alarm sllent H
L ‘ 3
: {
n },
1 TABLE 1I. RESPONSE OF VD=2 TO VAPOR CONCENTRATION b
| |
3 . o B : - §>
, ‘ R/o L,AEL Detector Response §
y 1 Range ] !
¥ —T ;
= s 8l A !
i § U 080" Alarm silent ?
: Y e — > - — g
= :§' 80—100 ! .  Alarm on.and growing louder-as.concentration increases ' 3
) L2 . — y
| ¢
4 g 8‘ 00— 2 Alarm on and growing fainter as concentration decreases ’
§ §- 2— 0 | Alaim silent %
|
1 P
- 12
!; ¥
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TABLE IV, RESPONSE OF VD=3 TO “/APOR CONCENTRATION
\, | %Le A
- ¥ | Range Detector Response ‘ :
: ) § 0—»60 ‘ Meter indicates "safe,” alarm.silent )
3 § g §_ 60—>80. ‘Meter indicates "safe," alarm on
é":r -) g :ak .,” o " ,; ;f . s e N N -
T —.2 | 80-+100 Meter indicates "dangerous,” alarm on
- - | _
E @ ¢ [100—80 Meter indicates "dangerous,” alarm ¢n
- & 0 f————= : — — e
% § E 80—+65, Meter indicates "safe," alarm on
E e A 7 = p
E >, |8 > 65— 0} Meter indicates "safe," alarm off
P
1 ' ‘
: TABLE V. RESPONSE OF VD-4 TO VAPOR*CONCENTRATION
£
;:' , . -
)
R/° LEL ? Detector:Response
1 ange 4
E\ _ | 0—20 Meter indicates "safe," alarm silent
K .0 g = o — :
g gl .
P ’ >° %» 20—60 Meter indicates "danger," alarm silent
v ) o 2 - - - e e L ~ - 4
:g ‘§ ' 60—»85 Meter indicates "danger," alarm on and growing louder as : g
o £ vapor concentration. increases '3
| 85100 | Meter indicates "explosive," alarm on and growing :louder as

vapor concentration increases

=

s
[ g_ = 100—-20 Meter indicates "explosive," alorm on arid growing fainter as g
9 A vapor ¢oncentration decreases &
- 2 £ . ‘ f
o < 5120—4 Meter indicates "danger,™ alarm on and growing fainter as i
r{ ! ?g g ‘ vapor concentration decreases £
“ | 8 u ‘ [ * * q
T Q 4—0 Meter indicates "danger," alarm silent i
; . - v N . -
3
L
B 13
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Ly TABLE VI. RESPONSE OFVD—S TO VAPOR GONCENTRATION -

o

%-LEL

Range | Detector Respornise

1

K o ¥ Phiadi:s
- - e S+ ¥ 3
fm e Eraa e S Y R

- 03 " Meter indicates "safe"

5-=65] . Meter indicates "donger"

por Conc.

Increasing

E \u o G — T : G - 3 .
) . § 65—00 Meter indicates "explosive," meter readsfull scale.at: 90% and | f;
o is-hard.on stop at 100% : &
X ‘ i
;L 160—»80 Meter indicates. "explosive," meter reads full scdle at 90% and e
;;_},- L is hard on:stop ot 100% .

L,

: 80—»>10-} Meter indicafes "danger"

‘ Decredsiné
Vapor Conc.

110=>0 Metér indicates "safe"

LRI TR RS
e ST

e S a.\:w.’v R e s

S T -2
A

-
R

TABLE VII. INITIAL VAPOR SATURATION SENSING.AND RECOVERY TIMES

Sensing :Recovery Time (minutes)

Specimen | % LEL 1 Time {sc¢) ' Meter LigH‘i"'(s()( Algl:(h

15

sty g 3 o e,

ol R s 20

vo-1 | 500 3 o s 1 8.5

gt

vD-2 | 500 3 | - - | es

VD-3 500 * -0 b - 3.0

VD=4 800 1 38,0 - 6.5 :
VD-5 40 | 13| 4.0 - ] -

Y

* Response not fast enough te indicate an explosive condifion, Does not indicate
until sensor is placed in-fresh air.,
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4,0 LOW AND HIGH TEMPERATURE TESTS
- 4,1 Low Temperature Test and Results

This test was designed to test the performance of the vapor detectors after having been exposed
to low temperatures. The vapor detectors with sensors were placed in a Conrad Teméerature 7

Chqmb_er‘(seé Figure’-'gj and:subjected to a chamber ambient temperature of ~30°F for 24 hours.
After this period of !'ir-ng the éhdr;ber temperature was:raised. to QdF and kept at this higher

temperature for four hours,

After the.exposure to the low temperatures the detectors were removed from the temperature

"

chamber-and given-the.operational test:described in Section 3.1 for-increasing, vapor con=-

P
pad

centratiofis only. The results are given in Tablé VIII. Two sensors were used to test VD=2

since the fifst sensor always gave a meter reading of safe for all vapor levels,. The new

diminiiniinst

sensing-unit wos left-for later tests: A new-sensor-was also-tried-on VD~4-since it gave-an
initial meter-redding-of danger but the .new sensor did not change the reading. The unit
was therefore tested with the old sensor. VD-4 riad a zero adjustment but for purpés:eg, of

testing it was .not-adjusted. 3
4.2 High Temperature Test and Results

After the operational tests were consluded for the low:temperature ‘tests the vapor detectors
with-attached sensors were réplaced in the temperature chaiber and subjected to & chamber
ambient temperature of 150°F for four hours. The vapor detectors were then removed from :
the chamber, allowed to cool to ambient temperatures, and. operationally tested ngain. ¥

The results of this test are given in Table IX,
5.0 HUMIDITY TEST

The humidity test was conducted by placing the vapor detectors with sensors attached into 1
a Wyle humidity chamber and subjecting the detectors to a chumber ambient temperature
100°F and 95% relative humidity for a period of ten days. At the end of this peried the

.defectors were first given vapor saturation tests dnd then removed from the chamber and

i v At = ks o )

tested operationally for increasing vapor concentrations.
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f - TABLE VIII, DET ECTOR RESPONSE AFTER 24 HOUR EXPOSURE TO:
E e . -30°F AND 4 HOUR EXPOSURE TO 0°F TEMPERATURES
3 ‘ 7 . Specimzn RanLgEeL Detector Response! -
3 : ‘
¢ I VD-1 0— 5~ ~ Green "safe" light on, alarm silent
¢ 5—~ 10 ~ Green "safc" light on, alarm on
) ¢ 10— 45 Amber "danger" light on,. aldrm-on
- 45— &0 . Amber "danger" and red "exploscve" hghfs on, clarm on
‘ 60 =100 ‘Red "explosnve" Ilght on, alarm on- - "
VD-2? 0= 65 Alarm silent
, -65~100 . Alarm on, growirig louder Js vapor level increases
o vD-3, | 0~ 9 Mefer reads "safe, " alarm.silent
Sensor-1 i} 90-~100 Meter reads "safe, " ajarm-on
S | VD3, 0 40 Meter reads "safe, " alarm silent
S 1 Sensor 2 40—~ 60 | _ Meter reads "safe, " alarm on
§ - 60100 - Meter reads "danger, " increasing to mid-scale danger at
‘ 100% LEL, alarm.on
{x VD-4. 00— 60 - Meter reading increﬁses from 1/4 scale "danger" at'0% LEL
' to mid~scale donger
3 60 —100 Meter reads "danger, " alarm on of low level and-changing -
to loud at 65% LEL
VD-5 010 Meter reads "safe" ,
10 == 60- Meter reads "danger, " increasing to 3/4 "danger" at 45%LEL
60 =100 Meter reads "explosive” and reading full scale at 80% LEL
and going.off scale at 90% LEL
T All self-tests peiformed coirectly
2 Terminal strip found lcose from cage
“
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TABLE IX. DETECTOR RESPONSE ARTER FOUR HOUR EXPOSURE TO 150°F

.y % LEL ‘ 1
Specimen Rarige Detector Response
VD-1 0~ 5 Green "safe" light on. Alarm silent
] - 5= 30 Green “safe" light and amber "danger” lights.on,. alarm on
30 =100 Amber "danger" hghf on, alarm on
VD-2 O-' 75 | Alurm silent
| 75 =100 Alarm on growing louder as vapor concentration increases
VD-32 0= 65 Metér reuds "safe," alarm silent
65— 75 Meter reads "saf_g,"falarmpn u
75 -130- | Meter reads. "danger" increasing to mid=scale danger at
‘ - 5% LEL. At 100% LEL:meter beginsto oscillate, does.
nof indicate explosuve" unhl 130%- L‘:L
VD-4 0—= 15 Meter reads "safe," -alarm sile nf :
15130 Meter reads "danger" increasing to mid=scale at 130% [EL. -
' Alarm does not sound until 130% LEL is reached
VD-5 0= 5 Meter reads “safe"
5-+> 55 Meter reads "donger" with.mid-scale danger occurring-at
- 20% LEL.
55100

Meterretds "explosive" increasing to full scale "explosive”

at 7G% LEL-and going. off scale at 80% LEL.

All seif-tests performed correctly

. When unit was set to test while indicating danger, meter indicated-safé when reser to on,

18
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] E :;. TABLE X. DETECTOR RESPONSES AFTER 10 DAY EXPOSURE TO 100°F
2 AND 95% RELATIVE HUMIDITY -
F ;i T |
<. ¥ . -/ : o
- g, Specimen | Range Petécfor Response |

i , ‘ o
o VD-1 0-- 10 ‘Green "safe" light on, alarm silent
3 10100 Amber "danger" fight on, alarm on
3 VD-2 0= 9 Alarm silent |
- Sensor 1 90 --100 Alarm-on,. ‘ow af 90% LEL mcreusmg to loud at IOO% LEL.
- VD=2 0 IO Alurm silent
3 Sensor 2 | 10-'100 Alarm on, - low ut l""/ LEL increasing-to loud ot 100% LEL.
3 - -~ = - -
3 VD-3 0= 5 Meter reads "sofe," alarm silent
F 560 | Mete: reads "safe," alarm-on
% : 60 ~=100 Meter r¢ads "danger” increasing to mid=scale "danger” at
£ 80% LEL ¢adHo 3/4 scale 'Hanger" at 100% LEL. Alarm on
i , < . — -
: vD-4 0= 90 | Meter reads "danger, " alarm si lent
b Sensor } 90-+100 Meter reads "danger," alarm on

? VD-4 | 0—~ 10 Meter reads "danger," alarm silent

. Serisor 22 | 10— 65 Meter reads "danger, " alarm on
65100 | ‘Meter reads "explosive ," alarm on

ﬁ VD-5 N- 10 AMefer reads "safe"

: 10— 80 Meter reads “danger" with-mid-scale "danger" occurring

o ' at 40% LEL.

‘ * 80.—~100 ‘Meter reads "explosive!

)

1 All seli~tests performed correctly
.
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~ The vapor saturation test consisted of holding-a gas soaked cloth next to the sensor and
obsérving wheéther of not the detector registered an explosive atmosphere. Detectors VD-1,
VD=3, VD-4, and-VD-=5 indicated aﬁ-rex'p’lbsive atmosphere but, VD-2 hada. very sloari‘res'/ Jonse

and.a low-alarm-level. The results of “hese operational tests are-summarized:in Table X.

aa o

N4

As:seen-from Table X, both VD-2 and VD-4.were tested with-tu5 sensing units since the .

L wx*@:ﬁg‘iﬁﬁ-ﬁ? “);M.;J‘ T e
.

operational tests with the original sensors_showed rather poor-hehavior. The new sensors

N were: left installed for succeeding tests:

- Each-detector was inspected for physical-damage. A slight amount of corrosion was observed
on the light bulb holders in VD-1 but no other damage was found. This corrosion would not

seem great enough to impair the operation of the detector.

T 6.0 SHOCK TEST

The criteria for shock tésting was taken from the Fuel Systems Standards Analyfis;Developm’ent‘

Report % prepared for the United States Coast-Guard by Wyle Laboratories. Based upon the

T,
4

discussion contained in Appendix F, Section 2.8 of this report, a shock cycle of 10 g
_ amplitude and 15 milliseconds duration:was chozen. The oscilloscope tracz of this shock
E cycle is shown in Figure 9-and.thé instrunientation equipment, data, an¢ log sheets for both

the shock and vibration tests aré found in the Appendix.

N The vapor detectors together with their sensor elements were mounted on the-shaker head
(the exciting fixture) in their normal installation configuration and then were subjected to
< ‘ a total of 1,000 consecutive shock cycles (see Figure 10). The fuel detectors were left

running during the test and were given a vapor saturation test at the end of every 250 cycles,

Ty, N

The saturation test for the detectors for both the shock and vibration (see Section 7.0) testing

Ty
[

consisted of holding a gasoline soaked cloth nex: to the sensor element and noting the

L
R response of the detector, The instrument was judged "acceptable” if it indicated an explosive
§. —avironment. Table XI summarizes the results of the vapor saturation tests.
M -
E
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- Figure 9. Oscilloscope Trace of Shock Cycle
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s TABLE X1. DETECTOR SATURATION TEST RESPONSES AFTER SHOCK TESTING
3
i , S:‘ umber of . | Specimen Detector Response and Condition
1 ock Cycles
7 250 VD-1 . SatUration test - 0.k,
L VD-~2 Satyration tes: ~ 0.k
- VD-3 Saturation test - o.k.

VD-4 Showed "danger" initially - saturation test-- 0.k,
[ VD-5 Saturation test - o.k.
?‘ 500 VD-1 Saturation test = o.k.
E VD-2 Saturation test - 0.k.
L VD-3 Would not indicate vapor. with meter or-alarm
VD-4 Alarm sounded intermittently, would:not stop
f VD=5 Saturation test - 0.k,
: - - .
- 750 VD-1 Saturation test - o.k.
E VD-2 Saturation test - o.k.. ‘
] VD=3 Would not indicate vapor with meter or alarm
" VD-4 Indicates danger
. VD-5 ‘Saturation test - o.k.
't Y - ™
E 1000 VD-1 Saturation test - o.k.
E VD~2 Would not indicate
E; VD-3 When.gas-soaked cloth-held c¢lose to sensor meter went
3 to mid-scale "danger, " the alarm sounded. Alarm-went
1 silent and meter returned to safe before cloth was rémoved. |
1 Loose connection was found and repaired.
‘ VD-4 Saturation test - 0.k,

VD-5 Saturation test - oik.
-
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2 3 7.0 VIBRATIONFTESF - -°
F' # A:problem aiose i,h‘connégﬁé‘rﬁwi'ﬂ;;i_ithe'\‘iib}afion=fesiing-since there appeared to:be:no
YRS, ) T . ) o
‘accepted:criteria-for- détérmining a realistic vibration spectrum orlevel, To-overcome

N.,,
Ht
DM IO

this-obstacie. four time histories of atcelerometer data-weré:taken:under actual running

PR

:qondiﬁgnsds.dgscribéd below, -

N -

EN)

W
Sempr -ﬂx\ o g Ty

MY ks

Two outboard boats, .a Winner 18 ft-with.a 130 HP-engine and'a. Glastron GT 15-ft wufh

¥

o

‘a'85 HP-engine, were driven-full speed in:rough water ¢ach with.an accelerometer- mounted

i 24

RN

in the steriv and.ah dccelerometer mountéd-in the bdw.. An.dnalog tape:recorder was-used’

toirecord-theé:time-histories: provided.by-the four-accelerometers.. On l){»vert‘i“"ca l:acceleration.

g Ay o g v R
™ PN .5-?§n, PP GR Y ‘?,,’,

was:récorded, T}ie-waf}é_r‘was' rough-enough: that it was.concluded thet no.normal-boat: ’

o g,

e A e e Tt )

owner would have driven,?'His‘ "Bqutfat"fu!'l,‘spfe,eﬂfdbe ‘to extrere-discomfort,

i

ki1

3 e

From.each. of these-four time histories.a Powet 'Spectrdl: Density.(PSD): was:obtained which

A

was used to.select PSD!s-for testing: the vapor- detectorss Thé:four. PSD's are-shown in Figure

HO TSR SN S AT

Aol

T and the.selected: testPSD shape ‘in-Figure 12. This.PSD. spéctrur-was used:for four
different-vibration tests each test'having & different level at 10-Hz. The lévels at 10 Hz
chosen-for testingwere:0.019%/Hz, 0.03.g%/Hz, 0.1 g%/Hz, 0.1:g%/Hz, and0,3.9%/Hz,

where:g is the gravitdtional acceleration; 32;‘2‘ff/:sec2..\ The iAcredsing, levels were:selected

to determine the. level.at. which fdilure:would.oceur.

ST T § i
e TR AL LT R R

The five vdpor detectors.together with:théir sensor heads were mounted:-on:the shaker head

in their operational configuration and in-their fully-operating. modes. Each-of the first

a»
R B 48 et

ot Eky

three vibration tests were run for-one hour while-the:highest ‘levei test was run until-failure

occurred. -Figures. 13 through 16 give the.actual PSD's recorded at:the shaker -head:at the. /g

A T

start-of each test, The ucceleration:rms values for each.test.are givensin Table XIl..

G

et

After each vibration test-the detectors.were.subjected to the same vapor saturation test as.

SR i

35

g et

they were following the shock testing. The results are summarized in Table XU, As-car

.
T

be seen, none of the detectors survived the total planned. vibration testfing. As soon 05-a

e,
5

i B

detector was found to have failed, iff_wcs-removed from any further vibrationa! testing.
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Figure 11, Power Spectral Densities from Outaoard Boats
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Figure 12, Required Vibration Test:Spectrum Shape
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2 R - TABLEXIl. DETECTOR RESPGNSES AFTER VIBRATION TESTING . ;

k ;:;\; l:::ll& { Test :Length : ‘Specimen |- Dgteé:tor Res‘pqnse-'aﬁd' C.Oﬁdfiion, : i

E"“ 0.03 gz/ Hz  1hy : VD=1 Green "safe" llghf blmks durmg sofurahon )
N ‘ : . - “fest, loose llghf bulb

s
s
N

:.l‘

1.76g. mns. | = - | VD<2 | Saturation’ ‘test ~0.ks ‘ .

| . VDad Meter mounting-hds vibratedloose* 1
1 : 1 VD=4 I Saturafioh fest ~.0.k. S
‘ - VD=5 | Sﬁiumtiénsfesfﬁ‘- o:k~ o

"?,'l'i:l’“""‘!:ﬂ‘«"?’ G AR
‘él » .
TP L AR g

0:036%/Hz | The VDSl ‘Self-festdud ‘not: funchon. Brlghf blue "hold"‘, 1

' 1 : .hght on-during saturction-test. “Nosindication f

1 ; o of danger:or. explosive: condition, o !

3.7grms . VD-2 | Saturation:test - o.k. '

: . VD=3 | Ne alarm or-meter- md!cah 6n: of VOpor durlng

_ saturation-test. Algrm didnot-function during |

1. §@if=test.. . oo

VD-4 | Alarmoh but metér does-not indicate explosnve

‘ © éondition: durmg,saturahon tést, 1 ‘
vb=5 f Sclturahon fest =0k,

e

AR MR T,

Ny
"

R K MBS L

g

‘@4
7
T e

3

ar - - - 'w.- N RIEN S 3 .

pXaly

1 041 o%/Hz 1 25min, | VD=2 | Wou'ld nor sélf—tésf.
5.9gms | Xhe | VD=5 | -Saturdtion:test = o.k. Voltage.reguiator ‘
, found-loose-in-base: dnd.re=tightensd-at 25-min. |
/| { 1 | into test. T
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@ At the -conclusion of the vibration tests:the- defecto's ‘were inspected for. physlcal domage.

In. VD=1 the screw retaining the back.part- of the alarm- assernbly was found-to'bé leose and:

L MR L L4
LTSRN R
T o

the:alarri broken. Figure 17 shows this damage and: the: corroslon~whxch dppeared-on- tne

pia
N

_‘EAEJ

NS

7’ g 'bulb-holders during. the. -humidity fest.. Figure: {8 shows a broken lead on the fermmal -
;% strip:in- VD=2, Flgure 19 is a-view of the:meter for VD-3-showing the: fi nal permanenf 1/2 3
” f séale- readmg and’ Flgure 20 shiows:the: broken alarm. Figure 21 is a:view of the. mounhng
E i ‘base fer the- voltage regulator tube-of VD=5 showing:d-broken lead and: mdlcohng?that fhe .
- voltage regulator tube-had broken .completely off at the base: No visible-damage was «
2 %: foundforVD-4. | _ | B | , S
- S 8.0, DISCUSSION:OF RESULTS o
b S _ 27
; : :OF the five detectors tested VD=5 performed:much better. thanrany of-the.other four, It A
; dlways-indicated:an explosive-condition.when.such-existed: The highést"%ll:ﬁl,.ﬁgésisgw ) ,,;;;
; +o-make-it indicate dn-explosive: condition was 80% LEL after it had heen;sgbjéct'fg;ﬂ‘i?; .
, ten ddy ‘humidity test, If anything, it might be judged.q-little too:sensitive. T wes.also
, ; the.instrument that w‘ii'Hs!'oo'cIfhef‘l'.ig'Eesi'\'i’évelc vibrational tésfir‘:g?‘befbrefsuffeffn'grphysi'cdl‘ ’ :
? damage. 1t dlso appeared:to.be the most-solidly constructed-unit-with the weakest component '
:': 1, ‘being the-voltage. regulator tube-assembly.
oo |
SN Unit VD=3 exhibited the worst performange-of the five-units, Even in-theiinitial operational ._;‘
t : tést (Table V) the unit did.not.give a mepferirqu‘ng, of "explosive™ .at 100%:LEL &lthough ’,
the alarm did-sound: Again, it wos among:the first of the-units:to suffe,rcphysnég!ﬂdqmagé '
: during the shock-and vibration-testing, It was noted thist:the alarm always.sounded .whita :g
; the-meterstill read "safe." This.might-be-confusing to d:bodt operator, | *
X ;
” VD-1 displayed somewhat erratic behavior with. respect to-the.opérationa! tests, ‘Ir-did not: ‘ ?
1 indicate an-explosive condition in its initial operational test (Table II) nor after tHezﬁigh ”g
température and humidity tests. It did indicate an explosive environment after the low é
3 } temperature test and was acceptable in all of the saturation-tests after shock testing ond the g
- Towest level of vibration testing. ?
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Figure 17. Damege tc Test Specimen VD=1
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Figure 18

. Damege to Test Specimen VD-2
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£taure 19, Permanent 1,2-Scale Mefer Deflection — Test Specimen vD-3
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3. Internal Damage to Test Specimen vD-3



Figure 21, Damage to Test Specimen VD-5
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